Stiff porridges were prepared from composite flours of maize, sorghum, Bulrush millet and cassava. Cylindrical samples of stiff porridges of 1 cm in diameter and 1 cm long were made and vibrated on a rheolograph at a constant frequency of 3 Hz. The corresponding storage and loss moduli for each composite sample were recorded, and the loss factors were computed. Bulrush millet stiff porridge had the highest storage and loss moduli compared to other porridges. Cassava had the highest loss factor, suggesting that more energy would be spent in chewing the stiff porridge in the mouth. Addition of cassava flour into composite flours resulted in the reduction of both storage and loss moduli in all cases, levelling off at about 30% cassava.
INTRODUCTION
In many parts of Eastern and Southern Africa, the main carbohydrate component of the food is stiff porridge, termed ugali in East Africa (Kajuna, 1995) . The latter is made by adding one or the other type of flour to boiling water (approximately 1 kg to 1.5 L of water) and stirring until a cooked porridge of uniform consistency is obtained, a process which takes about 10 min. The flour is mostly made from maize, sorghum and Bulrush millets. Cassava is also ground into flour and used either alone or in composite with cereal flour to prepare porridge.
An important attribute pertaining to stiff porridges is the physical characteristic as sensed by the mouth parts in the course of chewing. The porridge can be coarse, hard, soft, sticky or crumby depending on the nature of the raw materials used to prepare the flour, the preparation method of the flour and the way of cooking. The physical characteristics of a porridge determine the consumer acceptability of the porridge (Bangu et al., 1994) .
Currently, perception of the physical characteristics of stiff porridges is by mouth feel and hence a subjective and difficult method to reproduce. If determinants of the physical characteristics of the porridges are to be monitored and tamed to produce a preferred porridge, physical measurements need to be developed. Such measurements would particularly be useful for characterization of sorghum and millets, which have a wide range of germ plasm affecting the rheolbgical properties of the resulting porridges.
Given that sorghum and millets perform well in semi-arid zones, which constitute the greater part of the Eastern and Southern Africa, it is imperative that we develop physical measurements with repeatability and high accuracy. Such measurements, which have not been developed yet, will enable sorghum and millet breeders to identify suitable lines more efficiently. The technique would also facilitate the formulation of composite flours. Physical measurements of cooked rice and baked leavened bread have been developed for the selection and/or breeding of rice and wheat and for processing consumer-preferred foodstuffs.
For fruit specimens, reproducible methods for determination of textural properties have been used, for example, banana specimens (Kajuna et al., 1996; Kajuna et al., 1997) and apple specimens (Lijedahl and Abbot, 1994) , but similar reproducible methods have not been established for stiff porridges. Therefore, the objective of this study was to establish a reproducible quantitative method for determination of textural properties of stiff porridges, specifically, to compare the storage and loss moduli of stiff porridges prepared from different flours and/ or composite flours.
THEORY
To obtain complete information about the viscoelastic behavior of a material, measurements should be made over many decades of time scales. However, in biological materials, chemical and physiological changes may occur, which would affect the physical behavior of the material. In addition, it is difficult to generate a step function, which is required in quasi-static experiment. These disadvantages can be overcomed by dynamic testing, in which the specimen is deformed by a sinusoidally varying stress. Such periodic (oscillating) testing provides information in short time (Mohsenin, 1986 ). An example of such periodic testing is use of the complex modulus to obtain textural properties.
Complex Modulus
In a purely elastic system, the Young's modulus, E is ratio of stress, a, to strain, e. If such a system is excited by a force (stress), the latter will also have an oscillating strain a,e Figure 1. Stress and strain oscillating at the same frequency, but out of phase, with a time lag of At, which is typical of time-dependent viscoelastic materials in phase with the stress. For a purely elastic material, elastic deformation will result into an elastic energy being stored into the spring. If damping is neglected, all the elastic energy will be converted to kinetic energy without any loss when the stress is released.
On the other hand, for a viscoelastic system (where time is an important factor) when a stress is applied, the strain tends to reach an equilibrium. The higher the strain rate, the greater the difference between actual strain and equilibrium strain. If the stress is continuously changed, the strain will never come in the vicinity of the equilibrium. Instead, the strain will be oscillating at the same frequency but with a time lag. It will be out of phase with the stress, having a constant phase angle, 6, provided the frequency is kept constant (Figure 1 ). In such a system where the stress is varying sinusoidally, the time-dependent Young's modulus is (Malvern, 1969 and Van Vlack, 1970) : Eft) = eft)/s 0 , and the modulus so obtained is complex, since there is a proportion of strain that will be in phase with the stress, and another proportion that will be out of phase ( Figure 2) .
The complex modulus, E*, can be defined in terms of the steady state response to the oscillating free excitation. The complex modulus can be separated into two parts, one real and the other imaginary as shown on the complex plane ( Fig. 2) , thus: E* = E?
The real part, E^ is the ratio of the stress in phase with the strain to the strain (Figures 1 and 2) , and it is also called the storage modulus, since it corresponds to the energy stored in the system, which can be recovered. Therefore, Imaginary axis
E'
Real axis (1)
The imaginary part, E^ is the ratio of the stress 90° out of phase with the strain, and is also known as the loss modulus, since it corresponds to the energy loss in the system. It can be represented as: Abbot et al. (1968) found that the complex modulus is a factor of paramount importance in the evaluation of texture. One way to determine the complex modulus is by means of sonic resonant method, in which the specimen is brought to resonance by an electromagnetic vibrator. The modulus calculated by this method of resonance vibrations is the real part, if/ or storage modulus of the complex modulus, E*. The imaginary part, E^, or loss modulus of the complex modulus can then be obtained from £•// = g/ tan s (Mohsenin, 1986) .
METHODOLOGY

Preparation of Flour
Different grains were ground into flour using a hammer mill and sieved through a 500 jim sieve. The flours were of maize, sorghum, Bulrush millet and finger millet. Cassava flour was prepared from dried cassava chips by pounding in a mortar and pestle and sieving through a 500 um sieve. Flour samples made from the above cereals and cassava were used in the study, either alone or in composite flours in predetermined ratios. Different composites of flour were made in definite ratios by combining flour from various grains (and cassava) as shown in Tables 1 and 2. I  60  10  30  II  50  20  30  III  40  30  30 Note: average moisture content of flours was 13.8% wet basis Note: average moisture content of flour mixture was 13.8% wet basis
Preparation of Stiff Porridge
Thirty-five g of either pure or composite flour were mixed with 120 mL of boiling water in a 200 mL beaker and cooked for a further 6 min with turning and kneading action using a paddle. The cooked paste was placed on a plate and allowed to cool to room temperature (26°C). A cylindrical plastic mould was used to cut cylinders of stiff porridge of length 1 cm and diameter 1 cm. The mould was pressed into the stiff porridge and the extra stiff porridge of both sides of the cylinder was trimmed off to level by a razor blade. The mould with stiff porridge cylinder inside was placed in liquid paraffin and the stiff porridge cylinder was eased out into the liquid by glass rod. Several cylinders were prepared from each stiff porridge. The average initial moisture content of different flours was 13.8% wet basis. The final moisture contents of cooked and cooled stiff porridges varied from 71.8% to 74.2% wet basis. Due to good water holding capacity, stiffness and small deformation of samples, there was no water loss during testing. Note: means in a column followed by same letters are not different at 95% level
Measurement of the Moduli
The stiff porridge cylinder was gently taken from the liquid using a pair of pincers and placed on the vibrator of a rheolograph (model 2, Toyo Seiki Co. Ltd.). The requisite adjustments and operations of the equipment were carried out. The rheolograph was used to vibrate the samples (one at a time) at a frequency of 3 Hz, a process, which took about 5 s for each sample. The samples were subjected to 1% deformation during vibration. The corresponding storage and loss moduli for each sample were recorded. For each stiff porridge, three replications were made. The loss factor, d = E^ /E^ was computed for all the data obtained.
RESULTS AND DISCUSSION
The results of the means of storage and loss moduli for various plain (pure) stiff porridges are shown in Table 3 . Bulrush millet had the highest storage modulus compared to other porridges, followed by porridges made from maize, sorghum, finger millet and that of cassava was the lowest.
The results for the moduli for stiff porridges prepared from composite flours are presented in Tables 4 and 5 . When cassava was combined with Bulrush millet to form a composite flour, the resulting porridge showed a decrease in both storage and loss moduli with the increase in the proportion of cassava in the porridge (Table 4) . This was consistent with the relatively low storage and loss moduli for stiff porridge prepared from cassava flour alone. The moduli of the Bulrush millet stiff porridge were rapidly reduced by dilution with cassava flour, levelling off at about 30%. Vogel and Graham (1979) reported that it is a traditional practice to mix cassava flour with sorghum flour at approximately 30:70 cassava:sorghum flours, a phenomenon which is also reflected by the results obtained in this study.
Equally, in the trio-composite stiff porridge of maize:cassava:sorghum ( 1.78c 0.36c Note: means in a column followed by same letters are not different at 95% level a significant decrease of both moduli (p<0.05). This decrease can be interpreted as follows: with a small proportion of cassava in the trio-composite (60:10:30), the loss factor (E^/E^) was smaller than when its proportion was high (40:30:30) suggesting that cassava flour is more fibrous and therefore imparts a higher degree of cohesion on the stiff porridge. Higher energy might require for chewing the stiff porridge in the mouth due to higher stiffness.
The complex modulus acts as an indication of the rigidity in plant tissues and estimation of turgor pressure, whereas the loss factor (or damping factor), d, is an indication of internal friction attributed to fibrousness or mealiness (Mohsenin, 1986) . Therefore, the porridges with higher values of d such as cassava stiff porridge (Table 3) had a higher internal friction than the stiff porridges prepared from finger millet and sorghum, suggesting that cohesion was higher and therefore more energy would be spent chewing the stiff porridge in the mouth. This is consistent with observations by panellists that in general cassava stiff porridge is not as readily chewed as stiff porridges prepared from cereals (Bangu et al., 1994) . Stiff porridges from cereals tend to disintegrate readily upon crushing with teeth in the mouth, while that from cassava tends to be plastic.
Although stiff porridge from sorghum appears to have a relatively low loss factor compared to that from cassava, and therefore suggesting less energy required for chewing in the mouth, its inclusion in composite flours should not exceed the 30% threshold. After this threshold, its presence starts to change the color of the composite flour, and consumer acceptability, as shown by panellists (Bangu et al., 1994) starts to go down. CONCLUSIONS 1. Bulrush millet had the highest storage and loss moduli compared to maize, sorghum, finger millet and cassava. 2. Stiff porridge prepared from cassava flour had the highest loss factor, suggesting that more energy would be required in chewing the porridge due to higher internal ' friction, cohesion and stiffness. 3. Inclusion of cassava flour into composite flours resulted in to reduction of both storage and loss moduli in all cases, levelling off at about 30% cassava.
